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Introduction
In RAN1 #89, the following agreements were made regarding UL transmission [1]:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
In our previous contributions, we had discussed the performance evaluation of frequency selective precoding for non-codebook based UL MIMO ([2], [3]). In this contribution, we discuss open issues related to non-codebook based UL transmission scheme.  Specifically, we discuss different options for non-codebook based UL transmission scheme.
Discussion
Several options may be considered for non-codebook based UL transmission scheme. We examine the performance implications of each approach. Specifically, since it has been agreed that frequency-selective precoding can be configured in some cases, we examine the overhead required to support this aspect for the various options. 
Option-1: SRI without TPMI [5]
In this option, the UE may recommend one or more precoders using precoded SRS and the gNB uses SRI to down-select the precoder from the recommendation.  If sub-band precoding is deployed, then this approach would require multiple SRS resources – one for each sub-band. Equivalently, for a given SRS overhead, the sounding quality would degrade.  Moreover, the uplink grant would have to carry an SRI per sub-band, which results in a large DCI overhead.
Option 2: TPMI and TRI ( [5] )
In this option, the gNB sends a TPMI to indicate a group of candidate precoders along with a TRI. Using this information and a CSIRS meant to assist with UL precoder calculation, the UE calculates UL precoders from within the prescribed group. This scheme is an extension to the codebook-based uplink scheme. With sub-band precoding, the TPMI indication would be per sub-band.  
This scheme also has high DCI overhead due to a TPMI per sub-band. Moreover, the distinction from codebook-based UL operation is not clear, since the final precoder selection is based on the codebook.
Option 3: Beam correspondence based approach ( [6] )
In this scheme, a UE determines the uplink transmit beam based on a downlink reference signal when UE beam correspondence holds. This reduces signalling overhead compared to codebook-based transmission, since the gNB need not indicate beam indices for every sub-band in case of frequency selective precoding. The scheme also considers dynamic switching between beam indication by gNB and beam selection by the UE.  
However, the signalling needed to indicate the scheduled resource is not discussed. With frequency-selective precoding, it is important to make sure that the signalling does not grow with the number of precoding sub-bands, since that could result in a large overhead if the number of sub-bands is large.
Option 4: Single SRI and TRI
In this option, we propose a scheme that addresses the DCI overhead issue when frequency-selective precoding is enabled. 
In the proposed scheme, a UE may be configured with multiple SRS resources. Each SRS resource can have multiple ports, and can span multiple sub-bands. When transmitting the SRS on an SRS resource, the UE can select a sub-band specific precoder for each sub-band in a gNB-transparent manner. The precoder may be selected using a downlink reference signal based on DL-UL reciprocity. In order to reduce PAPR, a UE configured with an SRS resource that spans multiple sub-bands may use one sub-band per symbol. To cover the configured sounding bandwidth, the UE may perform sub-band hopping across symbols. 
Based on the one or more SRS resources used by a UE, the gNB selects one SRS resource to schedule, and indicates the corresponding SRI. In addition, the gNB also indicates a TRI to signal the rank.  The DCI overhead is low, since only one SRI and TRI are sent even if frequency-selective precoding is used. 
Proposal 1: NR should support a single SRI (if multiple SRS resources are configured) and a single TRI for precoder and rank selection for PUSCH for non-codebook based UL transmission, where the SRI indicates the selected SRS resource and the TRI indicates the transmission rank.
Conclusions 
To summarize, we examined the performance implications of different schemes for non-codebook based UL transmission schemes. Specifically, the impact of DCI overhead in the case of frequency-selective precoding was discussed. 
We propose a new scheme that has low DCI overhead even when frequency selective precoding is enabled, since only one SRI and one TRI are used to convey the allocated resource in the DCI. The proposal is given below:
Proposal 1: NR should support a single SRI (if multiple SRS resources are configured) and a single TRI for precoder and rank selection for PUSCH for non-codebook based UL transmission, where the SRI indicates the selected SRS resource and the TRI indicates the transmission rank.
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